3+ centers in a monodentate (n = 1) or tridentate (n = 0) manner.
Introduction
Oxidoborates (or more correctly hydroxyoxidoborates) are anionic boron species with boron atoms linked solely to oxygen atoms and such compounds are commonly referred to a 'borates' [1] . Polyborate anions can be readily categorized as 'isolated' or 'insular', containing discrete anionic moieties, or 'condensed' with more condensed 2D or 3D polymeric chains, sheets or networks [2] [3] [4] . These anions contain numerous fused B-O rings and cages with the 'boroxole' {B 3 O 3 } ring system a very common structural motif. Salts containing polyborate anions have attracted recent attention due to their applications as bulk chemicals and possible applications as luminescent, second harmonic generation, ferroelectric, flame retardant and non-linear optical materials [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Polyborates are readily synthesized by solvothermic methods or the addition of B(OH) 3 to a basic aqueous solution containing templating cations: polyborate salts containing isolated anions are generally obtained from aqueous solution, whereas solvothermal methods often give the more condensed species [17] . Polyborates crystallize from aqueous solution as cation templated self-assembled solids [18] since in basic aqueous solution B(OH) 3 exists as a dynamic combinatorial library (DCL) [19, 20] of numerous polyborate anions [21] [22] [23] [24] [25] . Polyborate salts containing the pentaborate(1−) anion, [B 5 O 6 (OH) 4 ] − , are very common and this is because these salts have a strong three-dimensional H-bonded anionic lattice and this lattice is sufficiently flexible to accommodate many medium sized non-metal unicharged cations [26, 27] . We are interested in the synthesis of structurally novel polyborate anions and have adopted a strategy of templating such anions by the use of non-innocent (sterically demanding or multi H-bond donating) and/ or more highly charged transition-metal cations. We have recently reported the synthesis of salts containing isolated polyborate anions partnered with inert cobalt(3+) complexes and have described the synthesis and structures of two previously unobserved isolated polyborate anions: heptaborate(3−) and octaborate(2−) [28, 29] . We have also prepared a series of salts and neutral complexes containing more labile copper(2+) centers where pentaborate(1−) or hexaborate(2−) ions are found coordinated to the metal center [30] .
We 
Results and discussion

Synthesis and characterization
Compound 1 was characterized primarily by single-crystal XRD study (see below) and its structure is fully consistent with other characterization data that we were able to obtain. Compound 1 is formulated as a neutral molecule although it is zwitterionic with several atoms possessing formal charges and it contains some interesting features (see below). The bulk sample gave satisfactory elemental analysis and its powder XRD pattern was consistent with that derived from the single-crystal XRD analysis, confirming homogeneity. 
Solid-state structure
Crystallographic data for compound 1 are given in Table 1 , and the structure of 1, together with associated atomic numbering scheme is given in Fig. 1 6 ] · 3H 2 O [32] and was described as an 'insular' polyborate anion. The anion is comprised of six boroxole rings linked together in such a way as to produce a larger central 12-membererd {B 6 O 6 } ring (Fig. 2) , with each boron atom within this ring being 4-coordinate and carrying a formal negative charge. These six 4-coordinate boron centers (B1-B6) have B-O bond lengths ranging from 1.435 (5) 6 6 ] 6− anion, the amino hydrogen atoms of the en ligands and protonated en ligands, and the waters of crystallization form multiple intramolecular H-bond donor interactions which are presumably responsible for the remarkable self-assembly of 1 from its component parts. In particular, all six hydroxyl groups in the polyborate anion of 1 are involved in energetically favorable R 2 2 (8) interactions (Etter nomenclature [65] ) with six neighboring molecules of 1, as shown in Fig. 4 . Details of these H-bond interactions can be found in the caption to Fig. 4 . In addition, the protonated ends of the mondentate H 2 NCH 2 CH 2 NH 3 ligands further H-bond to two more molecules of 1 forming a supramolecular chain (Fig. 5) giving an overall 'coordination number' of eight for each molecule of 1. The amino hydrogens of the en ligand on Zn2 are involved in an intramolecular H-bond (Fig. 5 ) and H-bond donation to water molecules, and the waters of crystallization H-bond to each other and dodecaborate anions to further glue the structure together.
Conclusion
The 2 and a DCL of polyborate anions [19] [20] [21] [22] [23] [24] [25] derived from B(OH) 3 . The structure as determined by a single-crystal XRD study reveals that all six borate hydroxyl groups are involved in intermolecular H-bond donor interactions in pairwise R 2 2 (8) rings. Intramolecular and intermolecular H-bonds emanating from the amino hydrogen atoms of the ethylenediamine ligands further template the formation of the self-assembled structure. . FTIR spectra were obtained as KBr pellets on a Perkin Elmer 100FTIR spectrometer. Powder X-ray diffraction was carried out on a Phillips X'Pert 2040/60 XRD diffractometer with spectra obtained using the Phillips X'Pert Data Collector software. Single-crystal X-ray diffraction was performed at the EPSRC National Crystallographic Service at the University of Southampton. Magnetic susceptibility measurements were performed on a JohnsonMatthey magnetic susceptibility balance. CHN analyses were obtained from OEA Laboratories (Callingham, Cornwall).
Experimental
Preparation of [Zn(en) 3 ]Cl 2 · 2H 2 O
Tris(ethylenediamine)zinc(II) chloride dihydrate was prepared as described in the literature [64] . A slight excess of the ethylenediamine (en) (2.10 g, 70 %, 24.45 mmol) was added to an aqueous solution of zinc(II) chloride (3.0 g, 22.0 mmol) in distilled water (10 mL). The solution was concentrated by gentle evaporation n a warm water bath before being cooled in an ice bath to yield colorless crystals of tris (ethylenediamine) A solution of tris(ethylenediamine)zinc(II) chloride dihydrate (1.0 g, 2.8 mmol) in water (10 mL) was added to an aqueous suspension solution of excess activated Dowex 550A (50 g) monosphere anion exchange resin in water (40 mL). The resulting mixture was stirred at room temperature for 24 h. The Dowex 550A resin was separated by filtration with a Buchner funnel and washed four times with a distilled water (4 × 5 mL). The solution of [Zn(en) 3 ](OH) 2 was reduced to a volume of 15 mL using a rotary evaporator. Methanol (15 mL) was added to the concentrated solution, followed by boric acid (2.6 g, 42 mmol). The reaction mixture was gently warmed for 3 h. The solution volume was reduced to 5 mL using a rotary evaporator. The concentrated solution was left for 30 days in NMR tubes for crystallization to yield colorless crystals of [Zn 2 (en)-(enH) 2 {B 12 O 18 (OH) 6 
X-ray crystallography
Crystallographic data for compound 1 is given in Table 1 . A suitable crystal (0.10 × 0.09 × 0.04) mm 3 was selected and mounted on a MITIGEN holder in oil on a Rigaku FRE+ equipped with HF Varimax confocal mirrors and an AFC12 goniometer and HG Saturn 724+ detector diffractometer. The crystal was kept at T = 100(2) K during data collection. The data collection was carried out using CrystalClear [67] and cell determination and data reduction was carried out using CrysAlisPro [68] . Using Olex2 [69] , the structure was solved and Superflip [70] structure solution program, using the Charge Flipping solution method. The model was refined with version 2014/7 of ShelXL [71] using Least Squares minimisation.
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